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• Conventional plastics - non-degradable and cause significant environmental problems

• Polyhydroxyalkanoates (PHAs) are a viable alternative

• PHA synthesis: microorganisms convert CARBOHYDRATES and PROTEINS into SUGAR for PHA synthesis

• PHA applications: packaging, implants, coatings, 3D printing, drug delivery and tissue engineering

Accumulation of PHA obtained by 5 substrates 
after 7 days of SSF.

Sample PHA accumulation / %

Chickpea 1 5.42

Chickpea 2 13.81

Starch 5.29

Mixture 4.09

Mixture + C. necator 6.30

DSC thermograms of cooling (A) and heating (B) of PHA obtained by SSF of
different substrates after 7 days.

• 8 bacterial strains and 4 yeasts capable of PHA production were isolated from 
starch and chickpeas.

• The highest PHA accumulation (13.81 %) was obtained after SSF of chickpeas 
with the addition of bean residues.

• FTIR spectroscopy results show broad peaks around 3300 cm-1 indicating -OH 
binding of moisture, three peaks in the range of 2900 - 2800 cm-1 indicating -
CH3 and -CH2 groups, and peaks around 1720 cm-1 indicating the absorption 
band of ester carbonyl groups characteristic of PHB.

TGA/DTG curves for PHA obtained by SSF of starch (A), chickpea 1 (B), chickpea
2 (C), mixture of substrates(D), and mixture of substrates with Cupriaviuds

necator (D) after 7 days.
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Chickpea 1 3282
2918

1708 1264
1019

2850 873

Chickpea 2 3281
2919

/ /
1006

2850 872

Starch 3303
2950

1713 1246
995

2920 859

Mixture 3290
2956

1711 1267
1076

2920 1018
2853 /

Mixture + C. necator 3281
2952

1711 1268
1074

2920 1018
2849 /

FTIR spectra of PHA obtained by SSF of chickpea 1 (A), chickpea 2 (B), starch (C), mixture (D), and
mixture with Cupriavidus necator (E) after 7 days.

Characteristic funcional groups of PHA obtained by FTIR-ATR 
spectroscopy.
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